METHOD OF ELECTROPLATING TUBULAR BENT WORKPIECE 
AND AUXILIARY ANODE ELEMENT SUITABLE FOR USE THEREIN 



BACKGROUND OF THE INVENTION 

1. Field of the invention 

This invention relates to a method of electroplating 
tubular workpieces and more specifically, an inner surface 
of a bent tubular workpiece, and an auxiliary anode element 
suitable for use in the method. 
2 -Description of the prior art 

In electroplating, generally, an anode element and a 

workpiece to be electroplated are immersed in a plating 

liquid containing plating metal ions . Electric current is 

supplied between the anode element and the workpiece serving 

as a cathode element so that the workpiece is electroplated. 

When the workpiece is tubular, the inside of the workpiece 

is concealed from the anode element such that a sufficient 

amount of current flow for the plating is not obtained inside 

the tubular workpiece. Accordingly, an inner surface of 

the tubular workpiece has an extremely lowea? degree of 

plating tfeaa- an outer surface thereof. 
A- 

To improve non -uniformity in the current flow 

distribution as described above, the prior art has provided 

use of an auxiliary anode element . The use of the auxiliary 

anode element is effective when the tubular workpiece is 

straightforward in its shape. In this case, the workpiece 

Confab e<t 

is placed upright in the plating liquid roocrvod - in a plating 



bath, and the auxiliary anode element is inserted into a 
hollow interior of the workpiece so as to be concentric 
therewith- However, the auxiliary anode element has been 
found ineffective for a bent tubular workpiece which is bent 
or curved at one or more portions in the middle thereof. 

To plate the bent tubular workpiece, the prior art has 
provided a hot dipping in which the workpiece is immersed 
in a molten solder with a low melting point etc . to be plated. 

. as /+ doss 

In this method, however, the solder is hardene d ... dro pp in g- 

from ends of the workpiece . As a result , the hardened solder 

projects from the ends of the workpiece and a later 

mechanical finishing is required to remove projections of 

A* 

hardened solder. This complicates the plating process. 



SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide a method of electroplating in which -the- tubular 
workpieces and particularly the inner surface of tfee- bent 
tubular workpiece can sufficiently be electroplated , and 
an auxiliary anode element suitable for use in the method. 

The invention provides a method of electroplating a 
tubular workpiece comprising the steps of inserting a 
flexible linear auxiliary anode element into a hollow 
interior of the workpiece so that the auxiliary anode element 
is insulated from an inner peripheral surface of the 
workpiece, immersing the workpiece and the anode element 
in a plating liquid reserved in a plating bath, and applying 



voltage between the auxiliary anode element and the 
workpiece . 

An insulating spacer is preferably attached to the 
auxiliary anode element so that a liquid penetrating space 
5 is defined between the auxiliary anode element and the inner 
peripheral surface of the workpiece. The auxiliary anode 
element with the insulating spacer attached thereto is 
preferably inserted into the workpiece. 

Since the auxiliary anode element h a-o -f lex ato dritay , the 
10 anode element is inserted into the hollow interior of the 
workpiece, bent according to a shape of the workpiece. 
Furthermore, since the auxiliary anode element is provided 
with the insulating spacer, the element is prevented from 
coming into direct contact with the inner surface of the 
15 workpiece. Consequently, since the current distribution is 
improved inside the workpiece, satisfactory plating can be 
obtained. Furthermore, since plating d e foofe due to the 
contact of the auxiliary anode element with the workpiece 
-ars-^eliminated, the inner surface of the workpiece can 
20 desirably be electroplated. Additionally, no special 
af tertreatment as in the conventional plating is required. 



BRIEF DESCRIPTION OF THE DRAWINGS 



25 Other objects, features and advantages of the present 

invention will become clear upon reviewing the following 
description of preferred embodiments thereof, made with 
reference to the accompanying drawings, in which: 




10 



FIG. 1 is a schematic longitudinal ^ectioft of a plating 
bath employed in the method of a first embodiment in 
accordance with the present invention; 

FIG. 2 is a perspective view of a hanger employed in 
the method; 

FIG. 3 illustrates a filler pipe suspended from the 
hanger ; 

FIG. 4 is a partially cut away perspective view of an 
auxiliary anode element; 

FIG. 5 is a sectional view of the filler pipe into which 
the auxiliary anode element is inserted; 

FIG. 6 is a partially cut away perspective view of the 
auxiliary anode element employed in the method of a second 
embodiment ; 

15 FIG. 7 is a partially enlarged perspective view of the 

auxiliary anode element; 

FIG. 8 is a sectional view of the filler pipe into which 
the auxiliary anode element is inserted, in the second 
embodiment ; 

FIG. 9 is a partially cut away perspective view of the 
auxiliary anode element employed in the method of a third 
embodiment ; 

FIG. 10 is a partially cut away perspective view of a 
coil constituting the insulating spacer; 

FIG. 11 is a sectional view of the filler pipe into 
which the auxiliary anode element is inserted, in the third 
embodiment ; 

FIG. 12 is a partially cut away perspective view of the 
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auxiliary anode element employed in the method of a fourth 
embodiment ; 

FIG. 13 is a perspective view of the insulating spacer 
employed in the fourth embodiment; 

FIG. 14 is a sectional view taken along line 14-14 in 
FIG. 13; and 

FIG. 15 is a sectional view of the filler pipe into which 
the auxiliary anode element is inserted, in the fourth 
embodiment . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention will be 
described with reference to FIGS. 1 to 5. In the first 
embodiment , the invention is applied to a case whoro a filler 
pipe 1 connected to a gasoline tank inlet of an automobile 
is galvanized. The filler pipe 1 is made of a steel material 
and includes an inlet 2 , a straightforward portion extending 
from the inlet 2 , and a reduced diameter portion further 
extending from the straightforward portion. The reduced 
diameter portion of the filler pipe 1 is bent in its midway 
at an obtuse angle to one side. The filler pipe 1 is further 
bent at its distal end approximately at a right angle. A 
venting auxiliary pipe 3 comprising a small pipe requiring 
no plating is welded to the inlet 2. 

The filler pipe 1 is hung on a hanger 5 further suspended 
from a circulation line. The hanger 5 will be described in 
detail later. The filler pipe 1 is conveyed along «*e-line 



to be treated sequentially at a preparation step including 
degreasing, cleaning, etc., a galvanizing step as will be 
described later, and an af tertreatment step including 
cleaning, chromate treatment, drying, etc. The filler pipe 
I is completed through these treatment steps as a galvanized 
product . 

FIGS. 2 and 3 illustrates the above -described hanger 
5. The hanger 5 comprises a cathode side frame 6 and an anode 
side frame 14 integrally assembled together. The filler pipe 
1 is hung on the cathode side frame 6 . The cathode side frame 
6 is made of an electrically conductive metal -i-n-bg a 
vertically ieag. shape. The cathode side frame 6 has a first 

A. 

hook 10 protruding from a lower end thereof and a second 
hook 11 formed at an upper end thereof. The filler pipe 1 
is put on the hook 10. Only the first hook 10 and the second 
hook 11 (meshed in FIG. 2) of the frame 6 are bared for 
electrical conduction, and an insulating coating is applied 
to the ^otho r. portion of the frame 6. A cathode bar 12 is 
fitted with the second hook 11. The hanger 5 is suspended 
via the cathode bar 12 from the line. 

The anode side frame 14 is provided for hanging an 
auxiliary anode element 20 as will be described later. The 
anode side frame 14 is also made of the conductive metal. 
The anode side frame 14 has a bent mount 15 provided at a 
lower end thereof. The mount 15 has a screw hole 17 with 
which a bolt 16 is threadingly engageable. The mount 15 
further has an obliquely projecting contact piece 18 formed 
at an upper end thereof. Only the mount 15 and the contact 
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piece 18 of the anode side frame 14 are bared for electrical 

conduction as shown in meshes in FIG. 2, and an insulating 

coatxng is applied to the^fckea* portion of the frame 14. 

The cathode side frame 6 and the anode side frame 14 are 

5 bound back to back by wires so as to be integrally assembled 

together to be insulated from each other. 

The auxiliary anode element 20 will now be described. 

As shown in FIG. 4, the auxiliary anode 20 comprises a metal 

wire 21 and an insulating spacer 22. The metal wire 21 is 

10 formed by stranding a number of stainless steel wires and 

<3 h ^s flexibility. The metal wire 21 is inserted into a hollow 

13 interior of the filler pipe 1 with a clearance between it 

ffi the inner circumference of the pipe . A terminal member 

23 is secured to an end of the metal wire 21. The terminal 

15 member 23 has an insertion hole 24 for the bolt 16. 

The insulating spacer 22 is made of a non- conductive 

find 

material such as synthetic resin into the shape of a disk 



m 



;-0 having a central through hole 22A. The metal wire 21 is 

inserted through the central hole 22A so that the insulating 
20 spacer 22 is fitted with the metal wire 21. 

A plating bath 30 is provided at the galvanizing step 
as shown in FIG. 1 . A predetermined amount of plating liquid 

held or 

31 is reserved in the plating bath 30. The plating liquid 

31 contains 20 g/1 of zinc (Zn) , 60 g/1 of sodium hydroxide 

25 (NaOH) , and 50 g/1 of sodium cyanide (NaCN) . The temperature 

of the plating liquid 31 is maintained in a range between 
o 

Q^, 25 and 30^C (cyanic bath) . The plating liquid may be a zincate 

bath which does not contain sodium cyanide. 





Two zinc plates 32 are hung down at opposite sides in 
the plating bath 30 so as to be immersed in the plating liquid 
31. The zinc plates 32 are connected to anodes of a power 
ft supply system (not shown ^ respectively. The hanger 5 on 

5 which the filler pipe 1 is mounted is immersed in the plating 
liquid 31 in the central interior of the plating bath 30. 
When the hanger 5 is immersed in the plating liquid 31 in 
the plating bath 30, the cathode bar 12 connected to the 
cathode side frame 6 is conductively connected to^^a^d^ 
10 of the power supply system. The anode side frame 14 is 
■rl conductively connected via the contact piece 18 to an anode 

M of the power supply system. 

In execution of the galvanization, the terminal member 
*p 23 of the metal wire 21 is conductively fixed to the mount 

v 15 15 of the anode side frame 14 by the bolt 16 as shown in 

J;^^^ FIG. 3. A suitable number of the insulating spacers 22 -is- 
3£ then fitted with the periphery of the metal wire 21. As a 

'j: result , the auxiliary anode element 20 is hung on the anode 

side frame 14. The filler pipe 1 is racked by the hanger 
20 5 at a predetermined racking position. In this case, a free 
end of the auxiliary anode element 20 is first inserted 
through the inlet 2 into the filler pipe 1. Then, the 
flexible metal wire 21,^bent according to the bent form of 
the filler pipe 1, is inserted with the insulating spacers 
25 22 being fitted with the filler pipe at 
predetermined positions , as shown in FIG. 5. Consequently, 
the metal wire 21 is inserted in the filler pipe 1 
approximately at the center of the hollow interior of the 



pipe without contact with the inner surface of the pipe. 

The auxiliary pipe 3 is then hung on the first hook 10 
such that the filler pipe 1 is suspended from the hanger 
5. When two filler pipes 1 are to be suspended in a vertical 
alignment, a single longer auxiliary anode element is 
provided so that the auxiliary anode element is inserted 
into both filler pipes 1 . 

Upon completion of the racking, the filler pipe 1 
suspended from the hanger 5 is carried along the line so 
that the above -described preparation steps including 
degreasing, cleaning, etc. are sequentially executed. 
Upon completion of the preparation steps, the filler pipe 
1 is transferred to the galvanizing step. The filler pipe 
1^ suspended from the hanger 5, is immersed in the plating 
liquid 31 gecorvod in the plating bath 30. The cathode bar 
12 connected to the cathode side frame 6 is further connected 
to the cathode of the power supply system, whereas the anode 
side frame 1 is connected via the contact piece 18 to the 
anode of the power supply system. As a result, an electric 
current is caused to flow from the zinc plates 32 and the 
metal wire 21 both connected to the anode to the filler pipe 
1 connected to the cathode, whereupon the outer and inner 
surfaces of the filler pipe 1 is galvanized. The galvanizing 
step^ is executed for twenty and several minutes. 

Upon completion of the galvanizing step, the above- 
described after treatment step including cleaning, chromate 
processing, drying, etc. are sequentially executed for the 
filler pipe 1 . The filler pipe 1 is completed through these 
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steps as a galvanized product. 

According to the foregoing embodiment, the auxiliary 
anode element 20 is inserted into the filler pipe 1 when 
the filler pipe 1 having the vent portions is galvanized. 
5 Consequently, the inner surface of the filler pipe 1 can 
sufficiently be galvanized as well as the outer surface 
thereof. More specifically, since the metal wire 21 is 
flexible, the metal wire, bent according to the bent form 
of the filler pipe 1, is inserted into the filler pipe 1. 

10 Furthermore, since the insulating spacers 22 are fitted with 
the filler pipe 1, the metal wire 21 can be prevented from 
coming into direct contact with the inner surface of the 
filler pipe. Consequently, the current flow distribution 
in the hollow interior of the filler pipe 1 is improved such 

15 that a sufficient plating (plated coating) thickness can 
be obtained. Furthermore, the inner surface of the filler 
pipe 1 can sufficiently be galvanized without non-plated 



*P portions due to the contact of the metal wire 21 with the. , , A 

v inner surface of the filler pipe 1. The inventor has 

20 confirmed that the same coating thickness by the plating 
can be obtained on the inner surface of the filler pipe as 
on the outer surface thereof. Additionally, since no later 
mechanical finishing as necessitated in the conventional 
hot dipping is required, the manufacturing step of the filler 
25 pipe can be simplified and accordingly, the manufacturing 
cost thereof can be reduced. 

FIGS. 6 to 8 illustrate a second embodiment of the 
invention. The second embodiment relates to an improvement 
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in the auxiliary anode element. An auxiliary anode element 
40 used in the second embodiment is constituted as shown 
in FIG. 6. More specifically, the auxiliary anode element 
40 includes the same metal wire as that of the element 20 
5 in the first embodiment. A cylindrical member 41 is secured 
to the distal end of the metal wire 21 to collect the stainless 
steel wires thereof together. A vinyl tube 42 constitutes 
the spacer in the second embodiment . The vinyl tube 42 has 
a number of openings 43 formed in a circumferential face 
10 thereof in lines. The metal wire 21 is fitted in the vinyl 
l ^CX-*S tube 42. The vinyl tube 42 is fixed to an attachment 44 at 
f3 one en d side of the metal wire 21, whereas it is crushed 

; £ s 

at the other end side of the metal wire 21 to be melted. 
When the auxiliary anode element 40 is inserted into 
^C^" 15 the filler pipe 1, the metal wire 21 *at^ bent together with 

A— 

the vinyl tube 42, according to the bent form of the filler 
^(/^/ ViV B 1 ' A ^ S inserted into the filler pipe 1, as shown in FIG. 
*0 8- The vinyl tube 42 is partially brought into contact with 

the inner surface of the filler pipe 1 and accordingly, the 
20 metal wire 21 is prevented from a di r a cfe-oontaeti - with" the 
inner surface of the filler pipe 1. 

The current flow distribution in the hollow interior 
of the filler pipe 1 is also improved when the filler pipe 
1 is galvanized using the auxiliary anode element 40. 
25 Consequently, a sufficient coating thickness by the 
galvanization can be obtained. Furthermore, the inner 
surface of the filler pipe 1 can also be galvanized 
sufficiently without non-plated portions due to the contact 
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of the metal wire 21 with the inner surface of the filler 
pipe 1. Additionally, since the auxiliary anode element 40 
has almost no portions "fco^be caught, it can smoothly be 
inserted into the filler pipe 1. 
5 FIGS. 9 to 11 illustrate a third embodiment of the 

invention. An auxiliary anode element 50 includes a spacer 
comprising a plurality of coils 51 in the third embodiment. 
Each coil 51 is made of a base material or a wire material 
54 as shown in FIG. 10. The wire material 54 is formed by 

10 covering a steel wire 52 with a resin tube 53. The wire 
material 54 is then wound helically into a cylindrical shape 
with a predetermined length. Since the wire material 54 is 
covered with an insulating sheath, each coil 51 is 
electrically non - conduct ive . Furthermore, an opening is 

15 formed between each turn of the wire material 54 and the 
adjacent one. 

A cylindrical cushion member 56 with elasticity is 
fitted with the proximal end of the metal wire 21 . 
Thereafter, a plurality of coils 51 are sequentially fitted 

20 with the metal wire 21. A stopper 57 is finally fastened 
to the distal end of the metal wire 21 for preventing the 
coils 51 from falling off . Thus , the auxiliary anode element 
50 is constituted including the coils 51 continuously fitted 
with the metal wire 21 as shown in FIG. 9. When the 

25 auxiliary anode element 50 is inserted into the filler pipe 
1, the metal wire 21 is suitably curved between the coils 
to be bent according to the bent form of the filler pipe 
1, as shown in FIG. 11. The coils 51 are partially brought 




into contact with the inner surface of the filler pipe 1 
and accordingly, the metal wire 21 is prevented from aoiirftnt 
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and accordingly, the metal wire 21 is prevented from a-direct 
oontaot - wo r bh the inner surface of the filler pipe 1. 

The current flow distribution in the hollow interior 
5 of the filler pipe 1 is improved as in the first embodiment . 
Consequently, a sufficient coating thickness by the 
^y^/ galvanization^can be obtained. Fur thexmore , the inner 

surface of the filler pipe 1 can also be galvanized 
sufficiently without non-plated portions due to the contact 
10 of the metal wire 21 with the inner surface of the filler 
*9 Pip© 1- The auxiliary anode element 50 is particularly 

suitable the case where the filler pipe 1 has a small 
IF! diameter. 

ift FIGS. 12 to 15 illustrate a fourth embodiment of the 

T 15 invention. An auxiliary anode element 60 employed in the 
]|? fourth embodiment comprises the metal wire 21 and a plurality 

of insulating spacers 61 fitted Wiethe metal wire 21 . Each 
:K insulating spacer 61 is made of polypropylene (PP) into a 

shape as shown in FIGS. 13 and 14. More specifically, each 

20 insulating spacer 61 comprises an annular central plate 62 

Art 

through which the metal wire 21 is inserted. ^wo^annular 
end plate^ 63 is provided at both sides of the central plate 
62 . Each end plate 63 has a slightly smaller outer diameter 
than the central plate 62 . Four frame plates 64 are provided 
25 to connect between the outer periphery of the central plate 
62 and the inner face of each end plate 63. Each frame plate 
64 has an outwardly projecting lengthwise central portion. 
The frame plates 64 are disposed at <fc**e- intervals of 90 
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degrees. Thus, each insulating spacer 61 is formed into 
the shape of a barrel with relatively large peripheral 
openings 65 and the projecting central portion. Each 
insulating spacer may be made of another non- conductive 
5 material such as a ceramic material or polyethylene ( PE ) . j) 
The cylindrical cushion member 56 wtth ol ncJuilLtS, is 
fitted the proximal end of the metal wire 21. 

Thereafter, the plurality of insulating spacers 61 are 
sequentially fitted with the metal wire 21. The stopper 57 
10 is finally fastened to the distal end of the metal wire 21 
Ifetr )j ^f o j^provon ti ng -.the insulating spacers 61 from falling off. 

3 Thus, the auxiliary anode element 60 is constituted 



i'tf'z 



including the insulating spacers 61 continuously fitted with 
the metal wire 21 as shown in FIG. 12. When the auxiliary 
15 anode element 60 is inserted into the filler pipe 1, the 
metal wire 21 is suitably curved between the insulating 

:r: 50 at? 

spacers 61^to be bent according to the bent form of the filler 
*p Pipe 1, as shown in FIG. 15. The frame plates 64 of 

i'-f'i 

insulating spacers 61 are partially brought into contact 
20 with the inner surface of the filler pipe 1 and accordingly, 

TOct contact with 



QZ/ the metal wire 21 is prevented from 

the inner surface of the filler pipe 1. 

According to the fourth embodiment, the current flow 
distribution in the hollow interior of the filler pipe 1 



25 is improved as in the first embodiment. Consequently, a 

ffQ<L e-* 5 

sufficient coating thickness by the galvanization can be 
obtained. Furthermore, the inner surface of the filler pipe 
1 can also be galvanized sufficiently without non-plated 
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portions due to the contact of the metal wire 21 with the 
inner surface of the filler pipe 1. 

Although the invention has been applied to the 
- galvanization of thev filler pipe in the foreqoinq 

5 embodiments, the invention may be applied to the plating 
of other bent or curved pipes or tubes. Furthermore, the 
invention may be applied to various methods of 
electroplating other than the galvanization f*r {fC^ & 
£l/ The foregoing description and drawings are merely 

10 illustrative of the principles of the present invention and 
£j are not to be construed in a limiting sense. Various changes 

si | 

!p and modifications will become apparent to those of ordinary 

(Ji skill in the art . All such changes and modifications are 

jjj seen to fall within the scope of the invention as defined 

;r r 15 by the appended claims. 
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